Narrow, well-defined radiolucent lines commonly observed at the bone-implant interface of unicompartmental knee replacement tibial components have been referred to as physiological radiolucencies. These should be distinguished from pathological radiolucencies, which are poorly defined, wide and progressive, and associated with loosening and infection. We studied the incidence and clinical significance of tibial radiolucent lines in 161 Oxford unicondylar knee replacements five years after surgery. All the radiographs were aligned with fluoroscopic control to obtain views parallel to the tibial tray to reveal the tibial bone-implant interface.
The presence of periprosthetic radiolucencies following joint replacement is usually considered to be indicative or predictive of loosening. 1 However, a high incidence of radiolucent lines has been observed on post-operative radiographs of the Oxford unicompartmental knee replacement (UKR) (Biomet, Swindon, United Kingdom) without such an association.
2, 3 Tibrewal, Grant and Goodfellow, 4 in a study of 80 knees, found that the incidence of partial or complete tibial radiolucent lines was 96%.
Goodfellow et al 5 subdivided radiolucencies into two distinct subtypes. The most common is described as a physiological radiolucency or a radiolucent line. These develop during the first post-operative year and consolidate thereafter without progression. Generally they are about 1 mm thick, but can be up to 2 mm. They are well defined and have parallel running radiodense lines. In contrast, the rarer type of radiolucency is pathological and is associated with loosening or infection. These are progressive, poorly defined, > 2 mm thick and have no matching radiodense line (Fig. 1) .
The incidence of radiolucent lines depends primarily on how the radiographs are taken. Images obtained using an image intensifier to ensure the X-ray beam is aimed parallel to the interface will reveal radiolucent lines (Fig. 2) . Conversely in standard radiographs, which are not taken parallel to the interface, radiolucent lines are usually not seen as they are obscured by the radio-opacity of the implant. 6 With well-aligned screened radiographs, the majority of Oxford UKR tibial components have radiolucent lines at one year, yet at ten and 20 years the incidence of loosening is very low. 7, 8 This suggests that radiolucent lines are not associated with, nor predictive of, loosening. Despite this, faced with a patient reporting pain and with a radiolucent line, many surgeons will feel that the radiolucent line is the source of the pain and will convert these cases to a total knee replacement (TKR). In order to determine whether the cause of pain is related to radiolucent lines, a large study is necessary.
Despite radiolucent lines being very common, their aetiology is not known. Although a number of hypotheses have been proposed, [9] [10] [11] [12] none have been established. In order to gain insight into the aetiology of radiolucent lines, it is necessary to determine whether they are due to patient factors, such as body mass index (BMI) and activity level, or surgical factors, such as the state of the anterior cruciate ligament (ACL) or postoperative leg alignment.
The aims of this study were to establish the incidence, aetiology and clinical significance of radiolucent lines following the Oxford UKR. This was done in a cohort of patients who had radiographs accurately aligned with the tibial component five years after operation.
Patients and Methods
From our database we identified 161 knees in 138 patients who had undergone medial phase 3 Oxford UKR and satisfied the criteria for this study. All knees had the established indications for the Oxford UKR, 5 with diagnoses of either anteromedial osteoarthritis (n = 158) or avascular necrosis (n = 3). All operations were carried out by two consultant surgeons (DM and CD), using a short incision without patellar dislocation. 5 All knees had follow-up radiographs that were perfectly aligned with the tibial bone-implant interface at approximately five years. These strict criteria resulted in the exclusion of a number of patients; out of 211 medial UKRs with appropriate indications and five-year follow-up, only 161 had appropriate radiographs. The others either did not have radiographs for social or geographic reasons, or had films that were not perfectly aligned. Out of the whole group, no patients have been lost to follow-up and no knees have been revised for tibial loosening.
The patients were evaluated clinically and radioglogically before operation and after five years. Demographic and intra-operative data were also collected. The outcome measures were the Oxford knee score (OKS), 13 the American Knee Society score (AKSS), 14 Objective and Function (AKSS-O, AKSS-F), and the Tegner activity score (TS). 15 The OKS ranges between 0 and 48, with 48 being the best. 16 In addition, a pain score was deduced from the OKS and AKSS. For the OKS, this is the combined score from questions 1, 4, 5, 8 and 9, which all directly relate to the patient's perception of pain. 17 The OKS pain score ranges from 0 to 20, with a score of 20 representing no pain. The AKSS pain score is the score from question 1 and ranges from 0 to 50. Changes in the OKS and the OKS pain score (ΔOKS and ΔPS respectively), relative to the pre-operative value, were also calculated.
All the post-operative radiographic assessments were made under fluoroscopic guidance with the patient supine. For the anteroposterior (AP) view the direction of the beam was adjusted until the tibial plateau and vertical wall were as narrow as possible, thereby ensuring that the X-ray beam was parallel to the undersurface of the tibial component. The films were scanned at 300 dpi resolution and converted to jpeg format (Epsom Expression 1640XL scanner with Transparency Unit, Epson, California) for evaluation. Correction for magnification was performed by comparing the apparent radius of curvature of the femoral component on the digital image with the known radius of the implanted component. The area under the tibial tray was divided into six regions (Fig. 3) . In each the presence or absence of a radiolucent line was recorded. The thickness of the radiolucency was mea- sured and the presence of a sclerotic radiodense margin noted. Radiolucencies beside the vertical wall were not assessed, as this is not a site where the component is fixed and no cement is placed there.
In order to determine which factors were related to radiolucent lines, their distribution in each patient was classified in three ways with presence or absence; complete (all six tibial regions having a radiolucent line), partial (1 to 5 regions) and none. The relationship between the categorisation and the following were then analysed:
1. Patient variables: age at the time of surgery, BMI, gender, pre-operative clinical scores (OKS, AKSS, TS) and postoperative activity level (TS).
2. Operative factors: ACL status, residual post-operative varus alignment and the operating consultant.
3. Outcome measures: five-year OKS, AKSS-O, AKSS-F, TS and the pain elements of the OKS and AKSS. Also the change in OKS and pain score from before operation to five years after (ΔOKS, ΔPS). Statistical analysis. Analyses were carried out using SPSS for Windows v 12.0 (SPSS Inc., Chicago, Illinois). For continuous data, Student's t-test was used for two groups of variables and one-way analysis of variance (ANOVA) for more than two groups, followed by post hoc Tukey analysis. For categorical data, Pearson's chi-squared test was used. Statistical significance was denoted by p < 0.05. A power calculation 18 indicated that 120 knees would be required to detect a difference in pain score of two points between the groups.
The measurements in this study were made by one researcher (RC) and were checked by another (HP). Neither had performed the surgery, and the radiographic analysis was conducted blinded to the clinical scores. In order to assess intra-and inter-observer variability, repeated measurements in a subgroup of patients were made by two researchers (RC, AG). The correlation coefficients for both intra-and inter-observer data were > 0.98 (p < 0.01).
Results
Of the 161 Oxford UKRs in the study, 101 (63%) were found to have radiolucent lines under the tibial component on radiographs five years after operation. In 49 knees (30%) these involved all six zones, 52 (32%) had partial and 60 (37%) had no radiolucent lines. None of the radiolucencies was greater than 1 mm thick, and all had a sclerotic margin. They were therefore all considered to be physiological.
The demographics of the patients in the radiolucent and non-radiolucent line groups were comparable ( Table I ). The groups were well matched and there was no statistically significant difference in the pre-operative criteria; the mean age at surgery, the mean BMI or gender, between the radiolucent and non-radiolucent line group. There was no statistical difference between the two groups in the operating surgeon, status of the ACL, or the degree of post-operative residual varus alignment of the leg (Table II) . The differences in clinical scores, including the pain scores, between the groups were also not statistically significant (Table I) .
When considering the presence of no, partial or complete radiolucent lines, no statistical significance was found in all the variables between groups (Table III) .
The knees were divided into groups according to the number of regions with radiolucent lines, but this revealed no statistically significant difference in any variable between the groups. Partial radiolucent lines were most commonly seen under the flat surface of the tibial component rather than around the keel (Fig. 4) (p = 0.014). The mean width of the radiolucent lines was 0.73 mm (0.1 to 1.0) and there was no significant difference in the width of radiolucent lines seen in the different regions (p = 0.234).
Discussion
This study confirms that radiolucent lines commonly occur under the tibial component of the Oxford UKR. We found that approximately one-third of cases had complete radiolucent lines, one-third had partial and one-third had none. Tibrewal et al 4 were the first to report a high incidence of radiolucent lines with the Oxford knee replacement, but in a series of patients who had undergone bicompartmental rather than unicompartmental procedures. In that study, the high incidence was attributed primarily to the fluoroscopically aligned radiographic technique used for the postoperative assessment of the implant. We also routinely use fluoroscopically aligned radiographs following Oxford UKR and are able to confirm that with accurately aligned radiographs, a high incidence of radiolucent lines will be identified. We have also observed that radiolucent lines seen during screening will be concealed if the fluoroscope is tilted by just 2° (Fig. 5) . In order to detect radiolucencies it is necessary not only to use a fluorscope but also to ensure the X-ray beam is accurately aligned. Standard radiographs or poorly aligned screened radiographs may not detect radiolucencies.
In our series the patient-related factors, BMI 19 and activity level, 20 which influence the load transmitted by the knee and which might influence loosening of UKR, had no statistically significant relationship with the presence of radiolucent lines. Similarly, surgical factors such as residual varus deformity 21 or ACL damage 22 that might also increase loosening had no statistical relationship to the incidence of radiolucent lines. It therefore remains unclear what factors, if any, are likely to lead to their formation.
Many theories have been proposed to explain the aetiology of radiolucent lines. Thermal necrosis due to the heat of 44 (10) 45 ( polymerisation of cement and the resulting bone resorption has been suggested, 9 although some 23 but not all 24 studies, have reported a higher incidence of tibial radiolucent lines in cementless than in cemented UKRs. 23 There is some evidence that pulsed lavage may reduce the incidence of the former, suggesting that the cementing technique may influence their occurrence. 10 The sequence of micromovement, local osteonecrosis and fibrocartilage tissue formation has also been proposed. However, Rea et al 11 found no correlation between radiolucent lines and micromovement of the tibial component using radiostereometric analysis despite having a 75% incidence of radiolucent lines. It has been suggested that they form in response to compressive loading. 12 With the Oxford UKR the mobile polyethylene insert minimises shearing forces through the tibial tray, so that most loads transmitted to the main tibial bone-cement interface, where radiolucent lines are most commonly seen, are compressive. Around the keel, where shearing force persists, they are less commonly seen. However radiolucent lines are seen around TKR and fixed-bearing UKR when the loads are not all compressive. Li et al 25 have reported a lower incidence of radiolucent lines in mobile-bearing UKR than in fixed. Therefore the relationship between loading and radiolucency is complex.
Clinically the most important finding of this study was the absence of any statistically significant relationship between the presence and extent of the radiolucent lines and outcome. In particular, patients with complete radiolucent lines did not have more pain than those without. This suggests that the underlying process responsible for the formation of radiolucent lines does not cause pain. Therefore, if a patient reports pain following UKR and has a radiolucent line visible on a radiograph, it should not be assumed that the source of pain is the radiolucency. We recognise the limitations of this study. Our findings with the Oxford UKR probably cannot be extrapolated to fixed-bearing UKR or TKR, as the interfacial loading is very different. Although the numbers of replacements were relatively large, a power calculation suggested that the study would not be able to detect an association between pain and radiolucent lines if the pain score difference was less than two points. Additionally, not all our patients could be included in the study, as some did not have adequate radiographs. It is therefore possible that those patients excluded had pain in association with radiolucent lines. However, this seems unlikely, as there were no revisions for tibial loosening in the whole group. This study demonstrated that beneath the tibial component of the Oxford UKR, complete radiolucent lines were seen in one-third of patients, partial lines in another third, and only one-third had none. The frequency of their formation was not related to patient or surgical factors. It remains unclear why they occur. No relationship was established between radiolucent lines and outcome, particularly pain, suggesting that radiolucent lines are not a source of pain. 
